In preceding papers the following facts have been revealed concerning esterase silent alleles of Drosophila virilis : 1) At the two esterase loci, Est-a and Est-/3, there exist silent alleles which give no active band on esterase zymograms (Ohba 1971) . 2) In natural populations the frequencies of these silent alleles are higher than those expected at equilibrium between mutation and selection; e.g., 6-7% for Est-a and 2-3% for Est-13, (Ebitani et al. 1976) .
In preceding papers the following facts have been revealed concerning esterase silent alleles of Drosophila virilis : 1) At the two esterase loci, Est-a and Est-/3, there exist silent alleles which give no active band on esterase zymograms (Ohba 1971) . 2) In natural populations the frequencies of these silent alleles are higher than those expected at equilibrium between mutation and selection; e.g., 6-7% for Est-a and 2-3% for Est-13, (Ebitani et al. 1976) .
3) The esterase activity of flies which carry silent alleles is significantly lower than flies with non-silent allele (Ebitani 1974a) .
Further examples of enzyme polymorphisms, in which the frequency of a silent allele was high, were reported by Johnson et al. (1968) for alkaline phosphatase in D. aldrichi and D. mulleri and by Zouros et al. (1968) for esterase in Dacus oleae. Although the facts described above suggest that studies on silent alleles may contribute to a general understanding of adaptive significance of isozyme variants, experimental analyses have never been attempted in relation to the mechanisms which maintain silent alleles in natural populations.
The purpose of the present experiments is to see the effects of esterase activity on two major components of fitness, fecundity and pre-adult viability, by making use of silent alleles at two esterase loci of D. virilis.
MATERIALS AND METHODS

Three different genotypes
(a° 3°/aoj3o, aoiSB/a° pB and a'pB/a'I3B) which have nearly identical genetic background except for the small part of the second chromosome including these two esterase loci were established in the following way. Virgin females from a line used in the previous experiments (Ebitani 1974b) were crossed with males of a isogenic null strain (a°j3°/a°3°) which had been kept by pair-mating for thirteen generations.
F1 females were backcrossed individually with the null strain males and the same procedure was repeated in five generations.
After the second generation, however, only one cross in which the female was heterozygote was selected for next generation.
In the sixth generation, a number of pair-matings were made and the desired types of crosses to fix three homozygous genotypes (aopo/aopo, aopB/aopB and a7 pB/a7 pB) were selected. For each genotype five lines from independent pair-mating in the 6th generation were fixed in 7th or 8th generation. Equal numbers of virgin females and males were collected from each of the five lines and mixed together to get flies used in the following experiments.
In this paper, the three genotypes, aopo/aopo, aopB/aopB and a7pB/a7fB, will be abbreviated to 00/00, OB/OB and 7B/7B, respectively. Fecundity was measured by the same method as described in a previous paper (Ebitani 1974b) . Five replicate vials were prepared for each type of cross and the daily egg production was recorded for 5 days from the 4th to the 8th day after eclosion. Two sets of the same experiment were repeated.
In viability experiments, well-fed flies were placed overnight in vials containing the special medium for oviposition (2.5g agar, 1 ml ethanol, 1 ml acetic acid and 100 ml distilled water).
Twenty hours after the parental flies were removed, the desired number of first instar larvae of each genotype were introduced into a culture vial with about 12 ml of yeast medium.
Emerging flies from each vial were collected every day and, after emergence was completed, the genotypes of individual flies were examined by thin layer agar gel electrophoresis.
Since significant differences in hatchability between different isozyme genotypes were detected neither in previous data (Ebitani 1974b ) nor in preliminary tests in this study, larva-to-adult viability was chosen as a measure of pre-adult viability.
In frequency-dependent selection experiments in which two phenotypically indistinguishable genotypes, 7B/7B and 7B/00, were included, males were individually crossed with null strain females to estimate the frequency of these two genotypes (Ebitani et al. 1976) . All experiments were carried out at 25°C. The methods for electrophoresis and measuring the esterase activity were the same as those described in preceding paper (Ebitani 1974a) .
RESULTS
Esterase activity
Esterase activity was assayed for three homozygous genotypes, 00/00, OB/OB and 7B/7B. Four measurements were repeated for each genotype. The mean and standard error of a-and p-esterase activity are shown in Table 1 . As expected from the results reported by Ebitani (1974a) , remarkable differences are found among these three genotypes.
The a-and p-esterase activities of the 7B/7B genotype are close to the average of 8 genotypes which have two active alleles at both Est-a and Est-p loci (Ebitani 1974a) . The activities of the OB/OB genotype are about one third of the 7B/7B. The activities of the 00/00 genotype are the lowest among three genotypes and at the same level as those previously reported for three strains of the same genotype (Ebitani 1974a ).
Fecundity
The number of eggs laid by three females for 5 days for nine combinations of female and male genotypes were presented in Table 2 . Statistical analysis revealed
that female genotypes, male genotypes and the interaction of both genotypes have significant effects on the fecundity of the female.
However, the average fecundity of 00/00 females (690) having the lowest esterase activity is almost equal to that of 7B/7B females (692) having the highest esterase activity.
The highly significant effect of female genotypes was due only to extremely low fecundity of the OB/OB females (559 on the average). These facts suggest that the differences in fecundity among different crosses bear no relation to the differences in esterase activity of parental flies.
Larva-to-adult viability under near optimal conditions One hundred first instar larvae of a homozygous genotype were put in a vial with 20% yeast medium.
Fifteen replicate cultures were set for each of three homozygous genotypes, 00/00, OB/OB and 7B/7B. The results are summarized in Table 3 . Although the viability of OB/OB (81.73%) is slightly higher than those of the other two genotypes (76.80 and 76.40%), statistically significant differences were not detected. Viability in mixed cultures The purpose of the experiments described in this section is to determine whether there is any viability difference between 00/00 and 7B/7B genotypes when they are reared together in the same vial. Three series of experiments were performed under different culture conditions.
In Series A, 200 larvae of 00/00 and 7B/7B genotypes, 100 larvae each, were put in a vial with 20% yeast medium.
A total of 1384 flies emerged from ten replicate vials and the larva-to-adult viability was 69.2% one hundred flies were randomly taken from each vial and were examined for the esterase isozyme genotypes. As a measure of viability fitness, the ratio of observed number to the expected number calculated on the assumption of no viability difference among genotypes was used. The ratio was 0.99 for 00/00 and 1.01 for 7B/7B respectively and the x2-test also indicates no significant difference in viability between the two genotypes (d.f=1, Z2=0.02, P=0.90).
In Series B, the larval density was 400 per vial, twice that in Series A. Out of 2400 larvae, 1271 survived to the adult stage and the percent emergence (53.0) was lower than that in Series A (69.2) under less crowded conditions.
From each of six replicate vials, 150 flies were sampled at random and a total of 900 flies were analysed electrophoretically.
As shown in Table 4 , the relative viability fitness of 00/00 and 7B/7B genotypes are 0.97 and 1.03, respectively.
The observed numbers did not differ significantly from the expected ones (d. f =1, Z2=0.06, P>0.75).
In Series C, the amount of yeast in the medium was only one fourth of that in Series A and B, while the number of larvae per vial was the same as in Series B. As a result of severe competition for food in this very poor medium, remarkable effects on developmental time and body size were found as shown by Ohba (1961) . Of course, the viability also decreased markedly, only 19.2%, in this experiment.
Out of a total of 529 emerged flies, 400 were examined for esterase isozyme genotypes.
Although a slight excess of the 00/00 genotype was seen in Table 4 , no significant difference could be concluded to (d. f =1, x2 =0.14, P >0.50).
Frequency-dependent selection experiments The purpose of the following experiments is to measure the differences in larva-toadult viability among three genotypes (00/00, 00/7B and 7B/7B) under the conditions in which three genotypes coexist at various frequencies.
Four hundred first instar larvae of the above genotypes were mixed in a vial according to the Hardy-Weinberg ration. Two experiments in which the culture media were different (20% yeast medium in
Experiment
A and 5% in Experiment B) were made in parallel and three different levels of silent allele frequencies (0.2, 0.5 and 0.8 in Series I, II and III respectively) were tested in each experiment.
The number of replicate cultures was 4 in Experiment A and 10 in Experiment B. In the former the percent emergence was approximately 63, 65 and 59% in Series I, II and III, while it was 28, 27 and 29% in the latter.
In spite of a considerable difference in the viability level, the results of the two experiments were very similar to each other (Tables 5 and 6 ). From the data on male flies, the following conclusions may be summarized: 1) Neither an advantage of rare genotypes nor a disadvantage of majority genotypes were proved to exist in the two experiments.
On the other hand, rare genotypes always showed relative viabilities lower than 1.00. 2) So far as the present experiments are concerned, heterozygotes seem to be superior to both homozygotes in the larva-to-adult viability. In all four cases in which the 00/7B heterozygote was not the most abundant genotype, the relative viability of heterozygotes was significantly greater than unity at the 5% level. Neglecting the possibility of the frequency-dependent selection, we can calculate the following average viability of three genotypes in each experiment.
3) In four of six series, the x2-test revealed significant deviation of the observed numbers from the expected ones. This is mainly due to the heterozygote superiority described above.
The results with female flies agree generally with those with male flies. In this case, two genotypes, 00/7B and 7B/7B, were indistinguishable in their phenotypes and classified as a single group. With the exception of only Series II in Experiment B, the estimated relative viability of the 00/00 homozygotes is slightly lower than that of the 00/7B-7B/7B group. But the differences are mostly non-significant and the deviations of the observed numbers from expected ones are also non-significant in all cases.
N. EBITANI DISCUSSION
Summarizing the results of all experiments described in this paper, we can conclude that the fitness of the 00/00 genotype is almost the same as that of the 7B/7B genotype, at least so far as fecundity and pre-adult viability are concerned. This indicates that the extremely low esterase activities of the former genotype, being less than one fourth of the latter for a-esterase activity and about one ninth for j3-activity, have no profound effect on fitness.
In frequency-dependent selection experiments, generally the pre-adult viability of heterozygous males (00/7B) is slightly superior to that of both homozygous ones (00/00 and 7B/7B) . Since esterase activities (a-and 3-activity) of the heterozygote are estimated to be intermediate between those of both homozygotes from the data of the previous experiments (Ebitani 1974a) , no correlation between esterase activity and viability fitness is suggested in this case either.
In many species of Drosophila, silent alleles which give no band on zymograms have been found for several enzymes (Johnson et al. 1968; Ayala et al. 1972; Ebitani et al. 1976; Ohba unpublished; Aotsuka, unpublished) . Estimated frequencies of these silent alleles in natural populations are as follows: 6-7% for Est-a and 2-3% for Est-p in D. virilis (Ebitani et al. 1976; Ohba, unpublished) , 4-5% for Est-j3 in D. bifasciata (Aotsuka, unpublished). These frequencies are much higher than those expected from the balance between mutation and selection.
Since silent alleles are not inferior to active alleles in the major components of fitness, the high frequencies of silent alleles may be explainable by the same mechanism as active alleles.
In the present study, the viability advantage of 00/7B heterozygotes is revealed in two frequency-dependent selection experiments. However, this heterozygote advantage may be due not to the esterase alleles themselves, but is to be reasonably explained as follows.
According to the mating scheme in preparing materials used the present study, it is probable that a part of the second chromosome which includes the Est-a and Est-13 loci has been kept as a gene block without recombination.
Although genetic backgrounds of two homozygous lines (00/00 and 7B/7B) can be considered almost the same except for this part of the second chromosome, this gene block may have some effect similar to the well-known heterotic effects of inversions.
As regards the possibility of frequency-dependent selection, no confirmatory evidence was obtained in the present experiments.
Under the conditions in which the frequencies of three larval genotypes are found in the Hardy-Weinberg ratio, the viability of a rare homozygous genotype, either 00/00 or 7B/7B, is never significantly higher than the other two genotypes.
These results agree with the results of similar experiments by Yamazaki (1971) on esterase of D, pseudoobscura and by Abou-Youssef (unpublished) on amylase of D, virilis.
Neither did the present writer's previous data on two alleles at the Est-13 locus contradict with the present results (Ebitani 1974b) . On the contrary the results reported by Kojima and coworkers (Kojima and Yarbrough 1967; Kojima and Tobari 1969) are quite different.
In both esterase and alcohol dehydrogenase of D. melanogaster, the clear advantage of minority genotypes was proved for the pre-adult viability.
At present we can not find a reasonable explanation for the differences among the results of these studies. In carefully designed experiments on D, pseudoobscura esterase isozyme, Yamazaki, (1971) concluded that the selective difference among esterase genotypes is very small and that the results are consistent with selective neutrality of protein polymorphisms or with the hypothesis that the polymorphisms are maintained by selection too weak to be experimentally detectable.
From the results of present series of experiments and analysis of natural and cage populations (Ohba, unpublished) , it seems to be little doubt that strong selection such as found by Kojima and coworkers is not operating at two esterase loci of D, virilis.
To get a final conclusion as to the mechanisms of isozyme polymorphisms, further experimental studies are required on different species and enzymes.
SUMMARY
As a part of the study in which the maintenance of esterase isozyme polymorphisms of D, virilis is experimentally analyzed, the effects of esterase activity on two major components of fitness, fecundity and larva-to-adult viability, were studied by using a null strain (00/00) having very low esterase activity in comparison with an ordinary 7B/7B strain.
The following three experiments were performed: 1) Fecundity and larva-to-adult viability under near optimal conditions. 2) Larva-to-adult viability in mixed cultures.
3) Larva-to-adult viability under competitive conditions in which three genotypes coexist at various frequencies. In Experiments 1 and 2, there were no significant differences in the component of fitness among three homozygous genotypes (00/00, OB/OB and 7B/7B). In Experiment 3, in which larvae of three genotypes (00/00, 00/7B and 7B/7B) coexist in the Hardy-Weinberg ratio, the heterozygotes seem to be slightly superior to both homozygotes in the larva-to-adult viability but the viability did not differ between two homozygotes having quite different esterase activities. The heterozygote superiority could be ascribed to the heterotic effect of a gene block including two esterase loci on the second chromosome. No evidence of frequency-dependent selection was recognized in Experiment 3. From the results summarized above it could be concluded that there may be little effect of esterase activity on two components of fitness, fecundity and viability, and that selective differences among genotypes at two esterase loci are very small, if any.
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